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BLAKESLEA TRISPORA MATED CULTURE 
CAPABLE OF INCREASED BETA-CAROTENE 

PRODUCTION 

This is a continuation of application Ser. No. 
07/858,145 ?led on Mar. 27, 1992, now abandoned. 

FIELD OF THE INVENTION 

The present invention relates generally to a method 
for producing beta-carotene and to certain fungal mi 
croorganisms capable of producing improved yields of 
beta-carotene. More particularly, the invention relates 
to the production of beta-carotene by fermenting novel 
minus mating type (negative) Blakeslea rrispora micro 
organisms and novel plus mating type (positive) Blakes 
lea trz'spora microorganisms together as mated cultures. 

BACKGROUND OF THE INVENTION 

The carotenoid beta-carotene is a pigment useful in 
enhancing the pigmentation of animal foodstuffs, food 
products and cosmetics. Typically, beta-carotene pro 
vides yellow to yellow-orange pigmentation. Beta-caro 
tene also serves as a precursor of Vitamin A (retinol) in 
both animals and man. In addition, beta-carotene, like 
some other carotenoids, is an effective antioxidant. Epi 
demiological studies suggest the use of beta-carotene to 
prevent or treat certain types of cancer and to reduce 
cellular or tissue damage caused by reactive oxygen 
species and phototoxic molecules, such occurs, for ex 
ample, in cardiovascular disease. Beta-carotene may 
also be used to stabilize compounds subject to oxidation, 
particularly when exposed to light. 
Due to Food and Drug Administration regulations 

covering chemically-synthesized products, it is prefera 
ble to use biological sources to produce beta-carotene. 
The carotenoid is known to be synthesized by most 
green plants as well as by certain algae (e.g., Duna 
liella), fungi (e.g., Ascomycetes and Deuteromycetes), 
cyanobacteria and photosynthetic bacteria. Naturally 
occurring Zygomycetes of the order Mucorales, family 
Choanephoraceae, which includes the genera Blakeslea, 
Choanephora, Mucor, Parasitella, Phycomyces, and 
Pilaria are particularly well known producers of beta 
carotene. Accumulation of beta-carotene in these fungi 
is strongly linked to sexual interaction between plus 
mating type (positive) and minus mating type (negative) 
microorganisms of such fungi. For example, mating of 
positive and negative wild-type (i.e., naturally-occur 
ring) Blakeslea is known to result in a 5-fold to 20-fold 
increase in beta-carotene production compared to sin 
gle, non-mated wild-type microorganisms. 

Several companies in the 1960’s used naturally-occur 
ring negative and positive Blakeslea trispora microor 
ganisms that, when mixed together (i.e., mated), were 
reported to produce up to 3 to 3.5 grams of beta-caro 
tene per liter of medium in 10-day to 12-day fermenta 
tions. See, for example, Nelis et al., 1991, J. Appl. Bac 
terioI. 70, 181-191. Investigators have shown that beta 
factor, a hormone-like substance that is produced upon 
mating, stimulates beta-carotene production in Blakes 
lea. The major component of beta-factor is trisporic 
acid. Other chemicals that stimulate beta-carotene pro 
duction include beta-ionone, retinol, kerosene, aromat 
ics (such as dimethyl phthalate and veratrol), and ni 
trogenous heterocyclic compounds (such as isoniazid 
and iproniazid). However., past efforts to produce beta 
carotene have focussed primarily on improving fermen 
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2 
tation conditions rather than on the use of genetic selec 
tion techniques to improve beta-carotene production. 

SUMMARY OF THE INVENTION 

The present invention is directed toward a method 
for producing beta-carotene using a mated culture of 
Mucorales fungi. The method includes (a) mutating 
negative and positive Mucorales fungal microorgan 
isms; (b) selecting from the mutated microorganisms 
negative and positive microorganisms which, when 
mixed together form a mated culture that is capable of 
producing at least about 2.7 grams of beta-carotene per 
liter of medium in about 7 days; (c) culturing selected 
negative and positive microorganisms in an effective 
medium to produce beta-carotene; and (d) recovering 
beta-carotene therefrom. 
The present invention provides mated cultures that 

overproduce beta-carotene and is also directed to cer 
tain negative and positive microorganisms used to over 
produce beta-carotene. Preferred methods for selecting 
negative and positive microorganisms include selecting 
microorganisms exhibiting a pigmentation indicative of 
beta-carotene production and/or selecting microorgan 
isms having the capability of growing in the presence of 
an effective selective agent. Mated cultures of the pres 
ent invention preferably are able to produce at least 
about 3.5 grams of beta-carotene per liter of medium in 
about 7 days, more preferably are able to produce at 
least about 4 grams of beta-carotene per liter of medium 
in about 7 days, even more preferably are able to pro 
duce at least about 6 grams of beta-carotene per liter of 
medium in about 7 days, and even more preferably are 
able to produce at least-about 7 grams of beta-carotene 
per liter of medium in about 7 days. Preferred negative 
microorganisms of the present invention are of the 
genus Blakeslea, including B. zrispora ATCC No. 74146 
(PF 17-12), B. trispora ATCC No. 74147 (PF 17-13), and 
mutants thereof. Preferred positive microorganisms of 
the present invention are of the genus Blakeslea, includ 
ing B. trispora ATCC No. 74145 (PFl7-lO) and mutants 
thereof. 
The invention also discloses a preferred mating ratio 

of at least about 4 negative microorganisms per positive 
microorganism to produce a mated culture. More pre 
ferred mating ratios of at least about 10, and even more 
preferably at least about 40, negative microorganisms 
per positive microorganism are disclosed. In a more 
preferred embodiment, the mating ratio is from about 40 
to about 200 negative microorganisms per positive mi 
croorganism. 
The present invention is also directed toward a beta 

carotene-containin g biomass and beta-carotene-contain 
ing formulations produced by the claimed method. 
Beta-carotene produced according to the present inven 
tion can be used, among other things, to enhance the 
pigmentation of animal foodstuffs, other food products, 
and cosmetics; to reduce damage caused by reactive 
oxygen species or phototoxic molecules; to prevent or 
treat cancer or cardiovascular disease; to provide a 
Vitamin A supplement; to enhance lactation; and to 
increase fertility. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Mucorales fungal microorganisms exhibit both asex 
ual and sexual modes of reproduction. Mucorales fungi 
generally exist as non-mated microorganisms of oppo 
site mating types. As used herein, a “non-mated micro 
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organism” is a microorganism that is either of a negative 
(minus) or a positive (plus) mating type depending on its 
sexual characteristics. As used herein, a “microorgan 
ism of one mating type” can refer to either a negative 
microorganism or to a positive microorganism, depend 
ing on the microorganism’s sexual characteristics. If a 
microorganism of one mating type is positive, then a 
“microorganism of the opposite mating type” is nega 
tive, and vice versa. 
Both negative and positive microorganisms can be 

either spores or mycelia depending on their stage in a 
fungal life cycle. For example, during the asexual mode 
of replication, a non-mated microorganism spore germi 
nates into a mycelium. When the mycelium has grown 
to an appropriate size, it produces aerial hyphae con 
taining sporangia ?lled with spores. During the sexual 
mode of reproduction, a negative microorganism inter 
acts with a positive microorganism to form a mated 
culture. 
Without being bound by theory, it is believed that this 

sexual interaction triggers signals by negative and/or 
positive microorganisms that stimulate beta-carotene 
production by the mated culture. While negative micro 
organisms typically produce signi?cantly more beta 
carotene than do positive microorganisms, the highest 
levels of beta-carotene production generally occur 
when negative and positive microorganisms are physi 
cally contacting each other. For example, it is known 
that wild-type mated cultures of negative and positive 
Mucorales fungal microorganisms are capable of pro 
ducing at least about S-times to 20-times as much beta 
carotene as are wild-type non-mated microorganisms. 
However, mated cultures are not stable, and, thus, each 
fermentation to produce beta-carotene requires the cul 
turing of positive and negative microorganisms in sepa 
rate fermentations until each grows to an effective cell 
density, followed by the mixing together (or mating) of 
the negative and positive microorganisms to form a 
mated culture capable of producing additional beta 
carotene. _ 

In accordance with the present invention, negative 
and/ or positive microorganisms are targeted for genetic 
strain improvement. Genetically-improved microor 
ganisms of opposite mating types can then be mixed 
together to form a mated culture which can be analyzed 
for beta~carotene production. A preferred technique to 
genetically improve negative and positive microorgan 
isms so as to overproduce beta-carotene is the use of 
mutation and selection strategies, as described below. 

In one aspect of the present invention, the use of 
mutation and selection strategies to genetically improve 
a negative Mucorales fungal microorganism results in 
the production of a negative Mucorales fungal microor 
ganism, which when mated to a positive fungal micro 
organism, forms a mated culture capable of overpro 
ducing beta-carotene. Similarly, the use of the present 
mutation and selection strategies to genetically improve 
a positive Mucorales fungal microorganism results in 
the production of a positive microorganism, which 
when mated to a negative fungal microorganism, forms 
a mated culture capable of overproducing beta-caro 
tene. As used herein, “mating” refers to the mixing 
together of negative and positive microorganisms in an 
environment which allows them to interact sexually to 
form a mated culture. Preferably the negative and posi 
tive microorganisms physically interact, triggering high 
levels of beta-carotene production. A “mated culture 
capable of overproducing beta-carotene” is a mated 
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culture that is capable of producing at least about 2.7 
grams of beta-carotene per liter of medium in about 7 
days. Preferably, a mated culture capable of overpro 
ducing beta-carotene is capable of producing at least 
about 65 milligrams (mg) of beta-carotene per gram of 
dry cell weight. 

Parental microorganisms refer to any negative or 
positive Mucorales fungal microorganisms to be mu 
tated, and may include, but are not limited to, naturally 
occurring (wild-type), variant, previously mutated, and 
previously selected microorganisms. In the present in 
vention, preferred parental microorganisms are nega 
tive and positive Mucorales fungi of the family Choane 
phoraceae, particularly of the genus Blakeslea, and 
more particularly those of the species Blakeslea trispora. 
As used herein, a “mutated microorganism” is a nega 

tive or positive Mucorales fungal microorganism in 
which a mutation either occurs naturally or results from 
intentional exposure of the microorganism to a muta 
gen. In a preferred embodiment of the present inven 
tion, a parental microorganism is subjected to at least 
one round of chemical or physical mutagenesis in order 
to increase the mutation rate, thereby increasing the 
probability of obtaining a desired microorganism. 

In accordance with the present invention, a negative 
or positive parental Mucorales fungal microorganism is 
mutated using any suitable mutagen in order to obtain a 
mutated microorganism. Suitable mutagens include, but 
are not limited to, N-methyl-N’-nitro-N-nitrosoguani 
dine (NTG), ethylmethane sulfonate (EMS), nitrous 
acid, nucleotide analogs, acridines, ultraviolet light 
(UV), x-rays, gamma rays, and mixtures thereof. 

In a preferred embodiment of the present invention, 
_ an effective amount of the mutagen NTG is added to a 
spore suspension of either a positive or negative paren 
tal microorganism of Blakeslea trispora. The spores are 
incubated in a buffer medium, such as Tris(hydroxyme 
thyl)-arninomethane (Tris) at a pH of about 8.0, contain 
ing from about 10 micrograms (pg) to about 500 pg 
NTG per milliliter (ml) medium for a period of time 
from about 10 minutes to about 30 minutes at about 
room temperature. Preferably, B. trispora spores are 
exposed to about 50 pg NTG per ml of medium for 
about 20 minutes at about room temperature. After 
exposure, mutated spores are plated onto a solidi?ed 
growth medium at about 26° C. to about 28° C., prefera 
bly at about 27° C., for about 5 to about 10 days to 
obtain separate colonies. As used herein, a solidi?ed 
growth medium refers to a growth medium to which a 
solidifying agent such as gelatin, agarose, or agar has 
been added. A preferred solidi?ed growth medium of 
the present invention is CM17-l, which is an aqueous 
medium containing glucose, magnesium sulfate, potas 
sium phosphate, L-asparagine, thiamine, yeast extract, 
and sodium-deoxycholate, to which agar has been 
added. 

In accordance with the present invention, a desired 
negative or positive microorganism is selected from 
among all mutated microorganisms. As used herein, a 
“selected microorganism” or a “desired mutated micro 
organism” refers to a mutated negative or positive mi 
croorganism which when mated to a microorganism of 
the opposite mating type, is capable of producing more 
beta-carotene than a parental microorganism. In one 
embodiment of the present invention, a negative or 
positive mutated microorganism is selected which dis 
plays a pigmentation (i.e., color) indicative of the ability 
of the microorganism, when mated to a microorganism 
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of the opposite mating, to form a mated culture capable 
of overproducing beta-carotene. As used herein, “a 
pigmentation indicative of the ability to produce beta 
carotene” includes the colors pale yellow, yellow, yel 
low~orange, orange, red-orange and red, depending on 
the selection regimen. For example, red microorgan 
isms may be selected when a selective agent that inhibits 
the synthesis of beta-carotene from the red pigment 
lycopene is used. A preferred pigmentation color range 
for selection of desired negative or positive mutated 
microorganisms is from about deep yellow to about 
yellow-orange. 

Alternatively, or in addition, a desired mutated mi 
croorganism may be selected by its ability to grow in 
the presence of an effective amount of a selective agent 
(i.e., by its ability to be resistant to said selective agent). 
As used herein, an “effective amount of a selective 
agent” is an amount that typically inhibits the growth of 
parental microorganisms to a greater extent than the 
growth of a desired microorganism. Effective selective 
agents include, but are not limited to, antihypercholes 
terolemic agents, antihyperlipoproteinemic agents, an 
tihyperlipidemic agents, inhibitors of acetyl CoA syn 
thesis, inhibitors of carotenoid biosynthesis, inhibitors 
of isoprenoid biosynthesis (including inhibitors of sterol 
biosynthesis), free radical generators, and mixtures 
thereof. 

In one embodiment of the present invention, a desired 
mutated microorganism is selected from among all mu 
tated microorganisms by its ability to grow in a medium 
containing an antihypercholesterolemic agent, an an 
tihyperlipoproteinemic agent, an antihyperlipidemic 
agent, or a mixture thereof. Antihypercholesterolemic 
agents, such as lovastatin, typically reduce sterol (e.g., 
ergosterol) levels in a microorganism. Antihyperlipo 
proteinemic agents, such as pravastatin and probucol, 
typically reduce lipoprotein levels in a microorganism. 
Likewise, antihyperlipidemic agents, such as simvasta 
tin, typically reduce lipid levels in a microorganism. 
Without being bound by theory, it is believed that mi 
croorganisms capable of growing in the presence of 
these inhibitors are able to shuttle more carbon through 
the common branch of the carotenoid and sterol biosyn 
thetic pathways. For example, it is believed that micro~ 
organisms which are resistant to lovastatin have a modi 
tied hydroxy-methyl-glutaryl-coenzyme A (HMG 
CoA) reductase enzyme that is no longer inhibited by 
sterols. 

In one embodiment of the present invention, mutated 
spores are plated onto lovastatin-containing solidi?ed 
growth medium, such as lovastatin-containing CMl7-l, 
and grown for about 7 days at about 27° C. Preferred 
concentrations of lovastatin in the medium are from 
about 30 pg to about 600 pg lovastatin per ml medium, 
and more preferably from about 250 pg to about 350 pg 
lovastatin per ml of medium. Microorganisms able to 
survive exposure to lovastatin are selected and analyzed 
for beta-carotene production. Preferably, the selected 
microorganisms are deep yellow to yellow-orange in 
color. 
Another class of selective agents of the present inven 

tion are inhibitors of acetyl CoA synthesis, such as ace 
tate analogs, propionate analogs, and butyrate analogs. 
Suitable acetyl CoA synthesis include, but are not lim 
ited to, acetoacetanilide, 2-chloroacetamide, chloroace 
tate, ?uoroacetic acid, and mixtures thereof. A pre 
ferred acetate analog is acetoacetanilide. In one embodi 
ment of the present invention, mutated spores are plated 
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6 
onto an acetoacetanilide-containing solidi?ed growth 
medium, such as acetoacetanilide-containing CMl7-1, 
and grown for about 7 days at about 27° C. Preferred 
concentrations of acetoacetanilide in the medium are 
from about 400 pg to about 800 pg of acetoacetanilide 
per m1 of medium, and more preferably from about 550 
pg to about 650 pg of acetoacetanilide per ml of me 
dium. Microorganisms that are able to survive exposure 
to acetoacetanilide are selected and analyzed for beta 
carotene production. Preferably, the selected microor 
ganisms are deep yellow to yellow-orange in color. 

In another embodiment, a desired mutated microor 
ganism is selected from among all mutated microorgan 
isms by its ability to grow in a medium containing inhib 
itors of the isoprenoid biosynthetic pathway. Isoprenoid 
pathway inhibitors are compounds that inhibit one or 
more steps in the isoprenoid synthetic pathway, includ 
ing steps in the sterol synthetic pathway. Such inhibi 
tors include, but are not limited to: polyene antibiotics, 
such as nystatin and amphotericin B; antimycin; citrinin; 
mevinolin; saponin; phosphorylated farnesyl com~ 
pounds; azasqualenes; allylamine derivatives; thiocarba 
mates; pyrimidines; imidazoles; triazoles; morpholines; 
and mixtures thereof. Preferred isoprenoid inhibitors 
for use in the present invention are nystatin and ampho 
tericin B, which apparently disrupt cellular membranes 
by binding to ‘membrane-bound ergosterol and other 
lipids. 

In one embodiment, mutated spores are plated on a 
nystatin-containing solidified growth medium, such as 
nystatin-containing CMl7-l, and grown for about 7 
days at about 27° C. Preferred concentrations of nysta 
tin in the medium are from about 0.1 pg to about 10 pg 
nystatin per ml of medium, more preferably from about 
0.5 pg to about 1.0 pg nystatin per ml of medium, and 
even more preferably from about 0.7 pg to about 0.8 pg 
nystatin per ml of medium. Microorganisms able to 
survive exposure to nystatin are selected and analyzed 
for beta-carotene production. Preferably, the selected 
microorganisms are deep yellow to yellow-orange in 
color. 

In another embodiment, mutated spores are plated on 
an amphotericin B-containing solidi?ed growth me 
dium, such as amphotericin B-containing CM17-l, and 
grown for about 7 days at about 27° C. Preferred con 
centrations of amphotericin B in the medium are from 
about 0.1 pg to about 10 pg amphotericin B per ml of 
medium, and more preferably from about 0.5 pg to 
about 1.0 pg amphotericin B per ml of medium. Micro 
organisms that are able to survive exposure to ampho 
tericin B are selected and analyzed for beta-carotene 
production. Preferably, the selected microorganisms 
are deep yellow to yellow-orange in color. 

In yet another embodiment of the present invention, 
a desired mutated microorganism is selected from 
among all mutated microorganisms by its ability to 
grow in a medium containing a compound that inhibits 
the carotenoid biosynthetic pathway. Inhibitors of the 
carotenoid biosynthetic pathway are compounds that 
inhibit one or more steps in the pathway by which ca 
rotenoids are synthesized. Carotenoid biosynthesis in 
hibitors include, but are not limited to: diphenylamine; 
nicotinic acid; beta-ionone; herbicides, such as norflura 
zon, met?urazon, phenylfuranones, phenoxynicotina 
mides, oxyfluorfen, and fluorfen; and mixtures thereof. 
A preferred carotenoid biosynthesis inhibitor for use in 
the present invention is beta-ionone. In one embodi 
ment, mutated spores are plated onto beta-ionone-con 
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taining solidi?ed growth medium, such as beta-ionone 
containing CM17-l, and grown for about 7 days at 
about 27° C. Preferred concentrations of beta-ionone in 
the medium are at least about 0.05% beta-ionone. Mi— 
croorganisms that are able to survive exposure to beta 
ionone are selected and analyzed for beta-carotene pro 
duction. Preferably, the selected microorganisms are 
deep yellow to yellow-orange in color. 
A desired mutated microorganism can also be se 

lected from among all mutated microorganisms by its 
ability to grow in a medium containing a compound that 
generates free radicals (i.e., a free radical generator). It 
is believed that carotenoids, due to their antioxidant 
properties, are able to protect cells from damage caused 
by free radicals. However, the present inventors are 
unaware of the use of free radical generating com 
pounds to select for microorganisms capable of over 
producing beta-carotene. Free radical generators in 
clude, but are not limited to, quinones, peroxides, UV 
light, UV-activated photosynthesizers, X-rays, gamma 
rays, ozone, and mixtures thereof. Preferred free radical 
generators, such as quinones and peroxides, are those 
that are easily absorbed by the microorganisms and 
apparently are not mutagenic. Of these free radical 
generators, a preferred free radical generator for use in 
the present invention is duroquinone. In one embodi 
ment, mutated spores are grown on a solidi?ed growth 
medium, such as CM17-l, containing from about 1 mi 
cromolar (uM) to about 1 millimolar (mM) duroqui 
none for about 7 days at about 27° C. Microorganisms 
able to survive exposure to duroquinone are selected 
and analyzed for beta-carotene production. Preferably, 
the selected microorganisms are deep yellow to yellow 
orange in color. 

In accordance with the present invention, the steps of 
mutation and selection as described above can be car 
ried out one or more times to produce negative and/or 
positive microorganisms having desired characteristics. 
A preferred embodiment of the present invention is the 
use of a pooled mutation and selection technique to 
produce desired microorganisms. According to this 
technique, the spores of two or more, preferably from 
about three to about ?ve, negative microorganisms 
which have already undergone at least one round of 
mutagenesis and selection are pooled. The pooled 
spores are exposed to a mutagen, such as NTG, UV 
light, and/ or EMS, and subsequently exposed to a selec 
tive agent from the group described above by plating 
the spores in a manner such that single colonies form on 
a solidi?ed growth medium containing the selective 
agent. Microorganisms able to survive exposure to the 
selective agent are selected and analyzed for beta-caro 
tene production. Preferably, the selected microorgan 
isms are deep yellow to yellow-orange in color. In a 
similar manner, positive microorganisms can be pooled, 
mutated, selected, and analyzed for beta-carotene pro 
duction. 

In accordance with the mutation/selection strategies 
of the present invention, a negative Mucorales fungal 
microorganism, preferably of the genus Blakeslea, and 
more preferably of the species Blakeslea trispora, is pro 
duced which, when mixed together with a positive 
Mucorales fungal microorganism, forms a mated cul 
ture capable of producing at least about 2.7 grams of 
beta-carotene per liter medium in about 7 days, prefera 
bly at least about 3.5 grams of beta-carotene per liter 
medium in about 7 days, more preferably at least about 
4 grams of beta-carotene per liter medium in about 7 
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days, even more preferably at least about 6 grams of 
beta-carotene per liter medium in about 7 days, and 
even more preferably at least about 7 grams of beta 
carotene per liter of medium in about 7 days. 

Similarly, the mutation/ selection strategies of the 
present invention lead to the production of a positive 
Mucorales fungal microorganism, preferably of the 
genus Blakeslea, and more preferably of the species 
Blakeslea trispora, which, when mixed together with a 
negative Mucorales fungal microorganism of the pres 
ent invention, forms a mated culture capable of produc 
ing at least about 2.7 grams of beta-carotene per liter 
medium in about 7 days, preferably at least about 3.5 
grams of beta-carotene per liter medium in about 7 days, 
more preferably at least about 4 grams of beta-carotene 
per liter medium in about 7 days, even more preferably 
at least about 6 grams of beta-carotene per liter medium 
in about 7 days, and even more preferably at least about 
7 grams of beta-carotene per liter of medium in about 7 
days. 

Preferred negative and positive microorganisms of 
the present invention can be mixed together to form a 
mated culture capable of producing at least about 65 
mg, more preferably at least about 100 mg, even more 
preferably at least about 175 mg, and even more prefer 
ably at least about 200 mg, of beta-carotene per gram 
dry cell weight. 
The amounts of beta-carotene that mated cultures of 

the present invention are capable of producing can be 
determined using the procedures outlined in Example 3. 

Preferred negative microorganisms of the present 
invention comprise negative microorganisms of the 
genus Blakeslea and mutants thereof, wherein such 
negative microorganisms or mutants thereof, when 
mated to positive microorganisms of the present inven 
tion, form mated cultures which are capable of produc 
ing at least about 2.7 grams of beta-carotene per liter in 
about 7 days. 

Similarly, preferred positive microorganisms of the 
present invention comprise positive microorganisms of 
the genus Blakeslea and mutants thereof, wherein such 
positive microorganisms or mutants thereof, when 
mated to negative microorganisms of the present inven 
tion, form mated cultures which are capable of produc 
ing at least about 2.7 grams of beta-carotene per liter in 
about 7 days. 
One preferred negative fungal microorganism of the 

present invention is Blakeslea trispora ATCC No. 74147 
(PF17-l3) which can be characterized by its ability to 
mate with a positive B. trispora microorganism of the 
present invention to form a mated culture capable of 
producing at least about 7 grams of beta-carotene per 
liter of medium in about 7 days. B. trispora ATCC No. 
74147 (PFl7-13) can also be identi?ed by its ability to 
mate with a positive B. trispora microorganism to form 
a mated culture capable of producing at least about 175 
mg, and preferably at least about 200 mg, of beta-caro 
tene per gram dry cell weight. A preferred positive 
microorganism to mate to B. trispora ATCC No. 74147 
(PF17-13) is B. tn'spora ATCC No. 74145 (PFl7-10). 
Another preferred negative fungal microorganism of 

the present invention is Blakeslea trispora ATCC No. 
74146 (PF 17-12) which can be characterized by its abil 
ity to mate with a positive B. trispora microorganism of 
the present invention to form a mated culture capable of 
producing at least about 5 grams of beta-carotene per 
liter of medium in about 7 days. B. trispora ATCC No. 
74146 (PFl7-12) can also be identified by its ability to 
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mate with a positive B. trispora microorganism to form 
a mated culture capable of producing at least about 125 
mg beta-carotene per gram dry cell weight. A preferred 
positive microorganism to mate to B. trispora ATCC 
No. 74146 (PFl7-l2) is B. trispora ATCC No. 74145 
(PF17-10). 
One preferred positive fungal microorganism of the 

present invention is Blakeslea trispora ATCC No. 74145 
(PFl7-10) which can be characterized by its ability to 
mate with a negative B. trispora microorganism of the 
present invention to form a mated culture capable of 
producing at least about 5 grams of beta-carotene per 
liter of medium in about 7 days. B. trispora ATCC No. 
74145 (PFl7-l0) can also be identi?ed by its ability to 
mate with a negative B. trzlrpora microorganism to form 
a mated culture capable of producing at least about 125 
mg beta-carotene per gram dry cell weight. Preferred 
negative microorganisms to mate to B. trispora ATCC 
No. 74145 (P1317410) are B. trispora ATCC No. 74147 
(PFl7-l3) and B. trispora ATCC No. 74146 (PFl7-l2). 

Blakeslea trispora PFl7-l0, Blakeslea trispora PF17 
12, and Blakeslea trispora PF17-l3 were deposited with 
the American Type Culture Collection, ATCC), 12301 
Parklawn.Drive, Rockville, Md., 20852-1776, on Mar. 
25, 1992, and have been designated ATCC No. 74145 
(PF 17-10), ATCC No. 74146 (PF17-12), and ATCC 
No. 74147 (PFl7-l3). All three microorganisms were 
deposited under the conditions of the Budapest Treaty 
on the International Recognition of Deposit of Micro 
organisms for the purpose of Patent Procedure. All 
restrictions on the availability to the public of the mate 
rial so deposited will be irrevocably removed upon the 
granting of a patent. Deposits will be maintained for a 
time period of 30 years from the date of deposit or 5 
years after the last request for the material, whichever is 
longer. 

It is within the scope of the present invention that any 
mutation/selection and beta-carotene production tech 
niques described herein for Blakeslea trispora can be 
extended to other species of the genus Blakeslea as well 
as to other microorganisms of the order Mucorales, and 
particularly to those of the family Choanephoraceae, 
due to the similarities between microorganisms within 
the Mucorales order, particularly with respect to the 
methods by which Mucorales fungal microorganisms 
produce beta-carotene. 
Another aspect of the present invention relates to the 

culturing of a mated Mucorales fungal microorganism, 
formed by the mating of negative and positive Muco 
rales fungal microorganisms of the present invention, to 
produce beta-carotene and to the recovery of beta-caro 
tene produced thereby. 

In order to produce beta-carotene, negative and posi 
tive microorganisms of the present invention are ?rst be 
cultured in separate fermentation containers in the pres 
ence of a vegetative fermentation medium effective to 
promote mycelial growth. When the negative and posi 
tive microorganisms have grown to a desired cell den 
sity, they are mixed together at an effective mating ratio 
to form mated cultures. The mated cultures are then 
cultured in a production fermentation medium effective 
to promote beta-carotene production. 

It is within the scope of the present invention that the 
vegetative and production fermentation media share at 
least some components. Effective vegetative and pro 
duction fermentation media are generally aqueous solu 
tions which include assimilable sources of carbon, nitro 
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gen, phosphorus, sulfur, magnesium, and other micro 
nutrients. 

Sources of assimilable carbon include, but are not 
limited to: sugars and their polymers, including 
starches, dextrin, saccharose, maltose, lactose, glucose, 
mannose, sorbose, arabinose, xylose, levulose, cellobi 
ose, and molasses; fatty acids; and polyalcohols, such as 
glycerine. Preferred carbon sources include monosac 
charides, disaccharides, and trisaccharides. A more 
preferred carbon source is glucose. 

Sources of assimilable nitrogen include, but are not 
limited to: inorganic nitrogen compounds, such as am 
monium salts; and substances of animal, vegetable and 
/or microbial origin, such as animal fats, plant oils, 
protein hydrolysates, microbial biomass hydrolysates, 
soy meal, ?sh meal, meat meal, meat extract, peptone, 
tryptone, corn steep liquor, yeast extract, and amino 
acids. 

Vegetative and production fermentation media can 
also contain other compounds such as vitamins, growth 
promoters, antioxidants, surfactants, and/or pigment 
formation promoters, as appropriate. 

In one embodiment of the present invention, positive 
and negative microorganisms are ?rst cultured sepa 
rately in a vegetative fermentation medium effective to 
promote growth of the respective microorganisms as 
mycelia and to prepare the microorganisms for maxi 
mum productivity in a production fermentation me 
dium. A preferred vegetative fermentation medium for 
this purpose is VM17-3, which is an aqueous medium 
comprising corn flour, potassium phosphate, corn steep 
liquor, junlon (polyacrylic acid), and thiamine. The 
fermentation is typically conducted at a temperature 
from about 26° C. to about 28° C., preferably at about 
27° C., and at a pH from about pH 3.7 to about pH 3.9, 
preferably at about pH 3.8. The vegetative fermentation 
is conducted until each microorganism culture grows to 
a desired density, preferably in the range of from about 
8 to about 10 grams dry cell weight per liter. Such a cell 
density can be typically achieved in about 48 hours. 
A portion of the positive microorganism-containing 

culture and a portion of the negative microorganism 
containing culture are then both introduced into a pro 
duction fermentation medium at a ratio to promote 
effective mating. As used herein, a production fermen 
tation medium is a medium that is effective both in 
promoting the mating of positive and negative microor 
ganisms to form a mated culture and in promoting the 
production of beta-carotene. . 
One aspect of the present invention is the importance 

of the balance, or ratio, between the amount of negative 
and positive microorganisms added to the production 
fermentation medium to initiate mating. As used herein, 
the “mating ratio” is the approximate number of nega 
tive microorganisms added per positive microorganism. 
As used herein, the approximate number of microorgan 
isms corresponds to the volume of microorganisms 
added multiplied by the cell density in the volume (i.e., 
[ml of culture added]>< [cells/ml culture]). Since nega 
tive and positive microorganisms are typically grown to 
the same cell density, the ratio of volumes added to the 
production fermentation medium approximately corre~ 
sponds to the ratio of number of microorganisms added. 
An “effective mating ratio” is a ratio of negative 

microorganisms per positive microorganisms which 
leads to the formation of a mated culture capable of 
overproducing beta-carotene. Researchers have typi~ 
cally mixed negative and positive microorganisms to 
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gether at a mating ratio of about one negative microor 
ganism per positive microorganism. However, a 1:1 
mating ratio requires that the separate vegetative fer 
mentations of the negative and positive microorganisms 
be precisely controlled to yield equal numbers of both 
negative and positive microorganisms. It would be 
more desirable to carry out beta-carotene production 
fermentations in which only a small percentage of posi 
tive microorganism was required per negative microor 
ganism, thereby allowing one to carry out smaller vege 
tative fermentations of positive microorganisms. It is 
preferred to use more negative microorganisms and 
fewer positive microorganisms because, while not being 
bound by theory, it is believed that negative microor 
ganisms are better producers of beta-carotene. How 
ever, negative microorganisms apparently must either 
be mated to positive microorganisms or administered 
beta-factor in order to produce signi?cant amounts of 
beta-carotene. 
According to the present invention, the amount of 

positive microorganisms required per amount of nega 
tive microorganism can be dramatically reduced with 
out interfering with beta-carotene production. The use 
of mating ratios of, for example, about 2, 4, 10, 20, 40, 
80, and 200 negative microorganisms per positive mi 
croorganism does not decrease beta-carotene produc 
tion. In one embodiment of the present invention, the 
mating ratio is at least about 2 negative microorganisms 
per positive microorganism and can be as high as at least 
about-200 negative microorganisms per positive micro 
organism, preferably from about 200 to about 1000 
negative microorganisms per positive microorganism. 
Preferably the mating ratio is at least about 4 negative 
microorganisms per positive microorganism, and more 
preferably at least about 10 negative microorganisms 
per positive microorganism, and even more preferably 
at least about 40 negative microorganisms per positive 
microorganism. Even more preferably, the mating ratio. 
is from about 40 to about 200 negative microorganisms 
per positive microorganism. 
One production fermentation medium of the present 

invention, denoted FMl7-A, is an aqueous medium 
comprising Pharmamedia (a cottonseed-derived protein 
material purchased from Traders Oil Mill Co., Fort 
Worth, Tex), glucose, potassium phosphate, manganese 
sulfate, soybean oil, cottonseed oil, dextrin, Triton X 
100, ascorbic acid, lactic acid, thiamine, and isoniazid. 
A preferred medium is FMl7-B in which isoniazid is 
replaced by kerosene, which appears to stimulate beta 
carotene production at least as well as isoniazid. About 
48 to about 54 hours after adding the negative and posi 
tive microorganisms to the production fermentation 
medium, an antioxidant (preferably ethoxyquin) and a 
beta-carotene inducer (preferably beta-ionone) are 
added to the medium. Other suitable beta-carotene in 
ducers include, but are not limited to: citrus derivatives, 
including citrus pulps and citrus oils, such as limonene; 
and TCA cycle precursors and intermediates, such as 
alpha-ketoglutarate. The production fermentation is 
preferably conducted at a pH of from about pH 6.2 to 
about pH 6.7, more preferably at about pH 6.5, and at a 
temperature of from about 26° C. to about 28° C., more 
preferably at about 27° C. 
Another production fermentation medium of the 

present invention, denoted NM-l, is an aqueous medium 
comprising cottonseed oil, soybean ?our, potassium 
phosphate, manganese sulfate, and thiamine. About 48 
hours to about 54 hours after mating, beta-carotene 
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production is induced by the addition of, for example, 
beta-ionone. Other beta-carotene inducers can be used 
as a substitute for, or in addition to, beta-ionone, includ 
ing, but not limited to: kerosene; isoniazid; citrus deriva 
tives, including citrus pulps and citrus oils, such as limo— 
nene; and TCA cycle precursors and intermediates, 
such as alpha-ketoglutarate. The production fermenta 
tion is preferably conducted at a pH of from about pH 
6.2 to about pH 6.7, more preferably at about pH 6.5, 
and at a temperature of from about 26° C. to about 28° 
C., more preferably at about 27° C. 
NM-l has several advantages including low viscosity, 

ease of sterilization, and simple composition. Fungi 
grown in this medium do not clump, despite the low 
viscosity of the medium. 

Beta-carotene production can be accomplished by 
culturing microorganisms of the present invention in a 
variety of conventional fermentation modes including, 
but not limited to, shake ?asks, batch fermentors, fed 
batch fermentors, and semi-continuous fermentors. It is 
well known to one skilled in the art that production 
typically increases when fermentations are carried out 
in a fermentor as opposed to a shake ?ask, generally 
because higher cell densities can be achieved in a fer 
mentor and because the conditions in a fermentor are 
typically more favorable for faster growth, leading to 
shorter production times. As such, mated cultures of the 
present invention that are capable of producing at least 
about 2.7 grams, preferably at least about 3.5 grams of 
beta-carotene per liter medium in about 7 days, more 
preferably at least about 4 grams of beta-carotene per 
liter medium in about 7 days, even more preferably at 
least about 6 grams of beta-carotene per liter medium in 
about 7 days, and even more preferably at least about 7 
grams of beta-carotene per liter of medium in about 7 
days in shake ?asks, are likely capable of producing 
similar titers in about 4 days in a fermentor. 

Beta-carotene production can be measured in several 
ways, including, but not limited to, spectrophotometric 
and chromatographic analysis. spectrophotometry is 
particularly useful to obtain beta-carotene production 
levels, such as titers. Reverse phase high performance 
liquid chromatography is particularly useful both to 
quantitate beta-carotene production and to distinguish 
between different beta-carotene species. 

Beta-carotene produced in accordance with the pres 
ent invention can be recovered and used in a variety of 
ways, including, as an enhancer of pigmentation, as a 
nutritional (vitamin A) supplement, as an enhancer of 
lactation, as an enhancer of fertility, as an anticancer 
agent, as a cardiovascular therapeutic agent, and as an 
agent to reduce damage caused by reactive oxygen 
species and phototoxic molecules. 

Since beta-carotene is retained within the microor 
ganism after synthesis, beta-carotene can be recovered 
as a beta-carotene-containing biomass. As used herein, a 
beta-carotene-containing biomass refers to a composi 
tion produced by separating beta-carotene-overproduc 
ing microorganisms from a fermentation medium and 
treating such microorganisms as necessary to make the 
beta-carotene bioavailable. Suitable separation tech 
niques include, but are not limited to, centrifugation and 
?ltration. As used herein, separation refers to the re 
moval of a substantial amount of medium from the mi 
croorganisms. 

Suitable treatments include those that result in cell 
lysis, such as physical, chemical, or enzymatic methods. 
Treating “as necessary” can range from no treatment to 
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a treatment resulting in complete cell lysis. One of the 
advantages of Blakeslea is that microorganisms of this 
genus apparently do not require treatment to make 
beta-carotene bioavailable, at least for some species to 
which beta-carotene may be administered. That is, hu 
mans and other animals that consume beta-carotene 
containing Blakeslea microorganisms are likely to be 
able to digest Blakeslea cell walls in order to obtain 
beta-carotene. 

In one embodiment, beta-carotene-containing fungal 
microorganisms are separated from the fermentation 
medium by rotovap ?ltration to remove a substantial 
portion of the liquid, washed with an aqueous solvent, 
and spray dried to form a substantially dry beta-caro 
tene-containing biomass powder. Preferably the pow 
der contains at least about 10% (wt/wt) beta-carotene, 
more preferably at least about 17.5% (wt/wt) beta 
carotene, and even more preferably at least about 20% 
(wt/wt) beta-carotene. 

Alternatively, beta-carotene can be recovered free 
from the microorganisms that produced it as a beta 
carotene-containing formulation. In one embodiment, 
beta-carotene-containing Blakeslea are separated from 
the fermentation medium and lysed. Suitable separation 
techniques include, but are not limited to, centrifugation 
and ?ltration. Lysis can be accomplished using, for 
example, physical, chemical, or enzymatic methods. 
Beta-carotene can be extracted from the lysed fungi 
using an extracting agent and condensed using molecu 
lar distillation. Suitable extracting agents include, but 
are not limited to, supercritical ?uids and oil-based 
solvents, such as sun?ower oil, vegetable oils, castor oil 
and light mineral oil. The recovered beta-carotene-con 
taining formulation is preferably at least about 5% beta 
carotene in oil, and more preferably from about 20% to 
about 30% beta-carotene in oil. ' 

Beta-carotene produced in accordance with the pres 
ent invention can be used as a feed additive to enhance 
the pigmentation of animal foodstuffs. As used herein, 
animal foodstuffs are animals which are raised as food, 
such as, but not limited to, poultry, ?sh and crustaceans. 
Beta-carotene can also be used to enhance the pigmen 
tation of substances such as foods and cosmetics. As 
used herein, enhancement of pigmentation describes a 
method by which administration of an effective amount 
of beta-carotene to a foodstuff or addition of an effec 
tive amount of beta-carotene to a substance imparts a 
yellow to yellow-orange color to the substance (e.g., 
food products and cosmetics) or to the ?esh, skin, other 
body parts, and/or egg yolks of the animal foodstuff. 

Beta-carotene produced according to the present 
invention can be used as a Vitamin A supplement in 
animals, such as humans, which are capable of convert 
ing beta-carotene into Vitamin A. As used herein, an 
effective amount of beta-carotene to serve as a Vitamin 
A supplement, is an amount of beta-carotene which 
when ingested by an animal and converted into Vitamin 
A provides sufficient Vitamin A to be an effective Vita 
min A supplement. 

Beta-carotene can also be administered to animals, 
such as bovine animals, to increase lactation and fertility 
in an amount effective to increase lactation or fertility. 

In another embodiment of the present invention, beta 
carotene produced according to the present invention 
can be used to prevent or treat cancer or cardiovascular 
disease or to reduce damage caused by reactive oxygen 
species and phototoxic molecules. As used herein, reac 
tive oxygen species are molecules that oxidize other 
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molecules, often leading to, or resulting in, cell or tissue 
damage. Reactive oxygen species include photosensitiz 
ers, singlet oxygen, and oxygen free radicals. As used 
herein, phototoxic molecules refer to agents, such as 
light, which can degrade or otherwise inactivate light 
sensitive compounds, and which can cause tissue dam 
age (including cell and organ damage) in plants and 
animals. An effective amount of beta-carotene is an 
amount which effectively prevents or reduces damage 
caused by reactive oxygen species and/or phototoxic 
molecules. 
For example, beta-carotene may be used in mammals, 

preferably humans, to prevent or treat certain forms of 
cancer or to reduce both external and internal cellular, 
tissue or organ damage caused by reactive oxygen spe 
cies, particularly to the cardiovascular system. For 
example, beta-carotene may be used to lower the inci 
dence of heart attacks. While not being bound by the 
ory, it is believed that the anti-oxidizing activity of 
beta-carotene can block low density lipoproteins from 
being deposited as plaque in arteries. Furthermore, 
beta-carotene may be used to block free radical damage 
that often occurs after heart attacks. 

Beta-carotene-containing biomasses and formulations 
can be administered either internally (including, but not 
limited to, oral administration) or externally (including, 
but not limited to, topical administration). For example, 
a beta-carotene-containing formulation can be added to 
sunscreens and other oils and lotions to reduce damage 
to the skin caused by reactive oxygen species. 

Beta-carotene-containing formulations can also be 
contacted with (e. g, added to) light-sensitive and/or 
oxygen-sensitive compounds, including foods, in an 
effective amount to stabilize and reduce damage caused 
to such compounds in the presence of light or oxygen. 
The following experimental results are provided for 

purposes of illustration and are not intended to limit the 
scope of the invention. 

EXAMPLE 1 

This Example describes the use of mutation and selec 
tion strategies of the present invention to produce sev 
eral negative Blakeslea rrispora microorganisms, includ 
ing B. trispora ATCC No. 74146 (PF l7-l2) and B. Iris 
pora ATCC No. 74147 (PFl7-l3). 

Negative microorganism Blakeslea trispora ATCC 
No. 14272 was subjected to multiple rounds of mutation 
and selection, leading to the production of negative 
microorganisms 13-29, 13-36, 13-75, 13-109, and 13-113, 
as shown in Table 1. Spore suspensions of these ?ve 
negative microorganisms were pooled and submitted to 
mutagenesis using NTG (N-methyl-N'-nitro-N 
nitrosoguanidine), as shown in Table 2a. 

TABLE 1 

Genealogy of Negative Microorganisms 

ATCC 14272 

INTG 
14-38 

INTG 
28i163 

IEU [Re 
4-76 l6-9 
INTG [NTG 

15-73 29-104 
[Re 

21-9 
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TABLE l-continued 
Genealogy of Negative Microorganisms 

IRe INTG 
36-13 36-42 
|Re |Re 

50-10 50-15 
IUV INTG 

84-62 66-133 
INTG IRe 

101-222 86-67 

|Re IRe 
228 96-19 
INTG |LovR(spon.) 

19-98 @142 
INTG 

35-88 

I 
UV IRe 

79-273 
5028 52-108 |Re 
luv I 85-2 

72-248 NTG IRe 
(NysR) 7&12 9-1 
NTG lRe 

80-5 
78-144 78-122 I NTG 
lRe lRe 5-203 

88-199 89-2 
Re NTG NTG 

Re NTG 13-75 13-1o9 (DQR) 
104 (LovR) 13-113 1329 

11-134 13-36 

NysR: nystatin resistant mutant 
LovR: lovastatin resistant mutant 
DQR: duroquinone resistant mutant 
EU: UV and ethylmethane sulfonate 
NTG: N-methyl-N’-nitro~nitrosoguanidine 
Re: reisolate of parental strain 

TABLE 2 
Pooling of Negative Microorganisms 

a. Pool of 13-29, 13-36, l3-75, 13-109, and 13-113 

NTG 

25-2s 25-3s 
(LOVR) (ACBIOR) 

b. Pool of 13-29, 1336, 13-75, 13-109, and 13-113 

NTG 

25-20 25423 
(LovR) 

0. Pool 0125-20, 2528, 25-38, and 25423 

Re NTG 
<PFl7-12> 35-6 (LovR) 

d. Poolof9-l, 104, 11-134, 13-109, and 19-42 

NTG 
I I 

31-9 (ta-10R) <PF17-l3> (LovR) 32-38(AcetoR) 
31-32 (ta-10R) 

e. Pool of 35-88, 89-2, and 5-203 

NTG 
19-42 
(LovR) 

LovR: lovastatin resistant mutant 
AcetoR: acetoacetanilidc resistant mutant 
B-ioR: B-icnone resistant mutant 
Re: reisolate of parental strain 

Spore suspensions were obtained by thawing vials of 
frozen spores preserved in a solution of 10% glycerol 
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and 5% lactose. For each microorganism, about 0.1 ml 
of spores were pipetted onto a PDA slant. APDA slant 
contains, per liter of water, 39 grams of Difco", potato 
dextrose agar, 2 mg of thiamine-HG], and 5 g of Bacto” 
agar, at a ?nal pH of about pH 5.9. The spore-contain 
ing PDA slants were incubated at about 27° C. for at 
least about 7 days. Five ml of sterile water was then 
added to the slant to suspend the spores. The concentra 
tion of spores in the suspension was about 3 X 105 spores 
per ml. 
A suspension containing about 50,000 spores of nega 

tive B. trzlspara microorganisms 13-29, 13-36, 13-75, 
13-109, and 13-113 was centrifuged and the spores re 
suspended in 5 m1 of 50 mM Tris(hydroxymethyl 
)aminomethane (Tris) buffer at a pH of about 8.0. NTG 
was added to a ?nal concentration of about 50 pg NTG 
per ml of buffer, and the spores were incubated for 
about 20 to 25 minutes at room temperature. (These 
conditions typically kill 30% to 60% of the cells.) The 
mutated spores were washed in 100 mM phosphate 
buffer at about pH 7.0, prior to spreading onto CMl7-1 
solidi?ed growth media plates that also contained either 
about 300 pg lovastatin per ml of medium or about 600 
pg acetoacetanilide per ml of medium in order to iden 
tify negative microorganisms which when mated to 
positive microorganisms form mated cultures capable of 
overproducing beta-carotene. CMl7-l contains, per 
liter of water, 3 grams of glucose, 200 mg of L-asparag 
ine, 50 mg of MgSO4-7H2O, 150 mg of KH2PO4, 25 pg 
thiamine-HG], 100 mg of yeast extract, 100 mg of so 
dium deoxycholate, and 20 grams of agar. The pH of 
CMl7-1 is about pH 5.3 to about pH 5.5. The lovastatin 
containing or acetoacetanilide-containing CM17-l 
plates were incubated at about 27° C. for about 6 to 
about 8 days and colonies having a color indicative of 
beta-carotene production were isolated. 
A deep yellow negative microorganism, denoted B. 

trzspora 25-28, was isolated from the lovastatin-contain 
ing plate. Mating of B. trispora 25-28 to a positive mi 
croorganism, such as B. trzlrpora ATCC No. 74145 
(PF17-10) led to a mated culture which produced at 
least about 4.5 grams of beta-carotene per liter in about 
7 days when cultured in a shake ?ask as described in 
Example 3. 
A yellow-orange negative microorganism, denoted 

B..trispora 25-38, was isolated from the acetoacetani 
lide-containing plate. Mating of B. trispora 25-38 to a 
positive microorganism, such as B. trispora ATCC No. 
74145 (PFl7-10) led to a mated culture which produced 
at least about 4 grams of beta-carotene per liter in about 
7 days when cultured in a shake ?ask as described in 
Example 3. 

In a second pooling experiment using spore suspen 
sions of B. trispora negative microorganisms 13-29, 
13-36, 13-75, 13-109, and 13-113 (see Table 2b), the 
pooled spores were exposed to NTG as described 
above, plated on CMl7-1 solidi?ed growth medium 
either with or without about 300 pg lovastatin per ml of 
medium, and incubated for about 6 to about 8 days at 
about 27° C. One negative microorganism, denoted B. 
trispora 25-20, was isolated from a plate containing lova 
statin. A second negative microorganism, denoted B. 
trispora 25-123, was isolated from a plate without lova 
statin. 
Spore suspensions of B. lrispora negative microorgan 

isms 25-28 and 25-38 were mixed with spore suspen 
sions of B. trispora negative microorganisms 25-20 and 
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25-123, as shown in Table 20. The pooled mixture was 
exposed to NTG as described above, spread onto 
CMl7-1 plates, and incubated for about 6 to about 8 
days at about 27° C. to isolate colonies with pigmenta 
tion indicative of beta-carotene production. A dark 
yellow negative microorganism, denoted B. trz‘spora 
ATCC No. 74146 (PF17-12) was isolated. Mating of B. 
trispora ATCC No. (PF17-12) to a positive microorgan 
ism, such as B. trispora ATCC No. 74145 (PF17-10) led 
to a mated culture which produced at least about 5 
grams of beta-carotene per liter in about 7 days, and at 
least about 125 mg of beta-carotene per gram dry cell 
weight, when cultured in a shake ?ask as described in 
Example 3. 

In another pooled mutation/selection experiment, a 
pooled spore suspension of B. trispora negative microor 
ganisms 9-1, 10-4, 11-134, 13-109, and 19-42 were ex 
posed to NTG as described above (see Table 2d; also 
see Tables 1 and 2e for the genealogies of 9-1, 10-4, 
11-134, 13-109, and 19-42). Mutated spores were spread 
onto CMl7-l plates containing either 0.1% beta-ionone, 
300 pg lovastatin per ml, or 600 ug acetoacetanilide per 
ml, and incubated at about 27° C. for about 6 to about 8 
days to identify negative microorganisms which when 
mated to positive microorganisms form mated cultures 
capable of overproducing beta-carotene. Two yellow 
negative microorganisms, denoted B. trispora 31-9 and 
31-22, were isolated from beta-ionone-containing 
CM17-1 medium. A dark yellow negative microorgan 
ism, denoted B. trispora 32-38, was isolated from 
acetoacetanilide-containing CM17-1 medium. A yel 
low-orange negative microorganism, denoted B. trz's 
para ATCC No. 74147 (PF17-13), was isolated from 
lovastatin-containing CM17-1 medium. 
Mating of B. trispora ATCC No. 74147 (PF17-13) to 

a positive microorganism, such as B. trispora ATCC No. 
74145 (PF17-10) led to a mated culture which produced 
at least about 7 grams of beta-carotene per liter in about 
7 days, and at least about 175 mg, and preferably at least 
about 200 mg, of beta-carotene per gram dry cell 
weight, when cultured in a shake ?ask as described in 
Example 3. 

EXAMPLE 2 

This Example describes the use of mutation and selec 
tion strategies of the present invention to produce posi 
tive Blakeslea trispora microorganism ATCC No. 74145 
(PF17-10). 
A spore suspension of the positive microorganism 

Blakeslea trispora ATCC 14271 was mutated by expo 
sure to UV light, spread onto CM17-1 plates, and incu 
bated at about 27° C. for about 6 to about 8 days to 
identify a positive microorganism which when mated to 
a negative microorganism forms a mated culture capa 
ble of overproducing beta-carotene. A bright yellow 
positive microorganism, denoted B. trispora ATCC No. 
74145 (PF17-10), was isolated. Mating of B. trispora 
ATCC No. 74145 (PFl7-10) to a negative microorgan 
ism, such as B. zrispora ATCC No. 74147 (PF17-13) led 
to a mated culture which produced at least about 7 
grams of beta-carotene per liter in about 7 days, and at 
least about 175 mg of beta-carotene per gram dry cell 
weight, when cultured in a shake ?ask as described in 
Example 3. 
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EXAMPLE 3 

This Example demonstrates the in?uence of mating 
ratios on the ability of mated cultures to produce beta 
carotene. 
A two-stage fermentation was carried out to produce 

beta-carotene. In the ?rst stage, separate vegetative 
fermentations were carried out for negative and positive 
B. trispora microorganisms. One 250-300 ml non-baffled 
shake ?ask containing about 30 ml of VM17-3 vegeta 
tive fermentation medium was inoculated with about 
0.5 ml of a spore suspension (about 2X 104 spores) of 
negative microorganism B. zrispora ATCC No. 74147 
(PF17-13). A second 250-300 ml non-baf?ed shake ?ask 
containing about 30 ml of VMl7-3 vegetative medium 
was inoculated with the same amount of a spore suspen 
sion of positive microorganism B. trispora ATCC No. 
74145 (PFl7-10). VMl7-3 medium contains, per liter 
water, 35 grams of corn flour, 500 mg of KH2PO4, 2.5 
grams of corn steep powder, 2 grams of junlon (poly 
acrylic acid), and 2 mg of thiamine-HCl, at a pH of 
about pH 3.7 to about pH 3.9. The negative and positive 
microorganisms were each cultured in a New Bruns 
wick Scienti?c G-53 shaker at about 250 rpm for about 
48 hours at about 27° C. in a high humidity environment 
(about 60% to about 80% humidity), and achieved a 
cell density of from about 8 to about 10 grams dry cell 
weight per liter of medium. 

In the second (production) stage, about 2 ml of the 
vegetatively grown B. trispora ATCC No. 74147 (PI-“'17 
13) culture was removed from the VM17-3 medium and 
added to about 30 ml of FMl7-A production fermenta 
tion medium in a 250-300 ml non-baf?ed shake flask, 
along with about 0.05 ml, 0.1 ml, 0.2 ml, or 0.5 ml, 
respectively, of the positive microorganism B. trispora 
AT CC No. 74145 (PFl7-l0), to give mating ratios of 
about 40, 20, 10, and 4 negative microorganisms, respec 
tively, per positive microorganism. FMl7-A medium 
contains, per liter water, 75 grams of Pharmamedia, 10 
grams of glucose, 100 mg of MnSO-Hg, O, 500 mg of 
KH2PO4, 30 grams (w/v) of soybean oil, 30 grams 
(w/v) of cottonseed oil, 60 grams of dextrin, 1.2 grams 
(w/v) of Triton X-l00, 6 grams (w/v) of ascorbic acid, 
2 grams (W/v) of lactic acid, 2 mg of thiamine-HCl, and 
0.075% isoniazid. The medium is adjusted to a pH of 
about pH 6.5 with 50% sodium hydroxide. 
The mated cultures were incubated at about 27° C. at 

about 250 rpm in a New Brunswick Scienti?c G-53 
shaker. About 54 hours after culturing was initiated in 
FM17 medium, beta-ionone (0.1%) and ethoxyquin 
(0.025%) were added to the medium. The fermentation 
was continued for an additional 5 days. 

Beta-carotene production was measured using the 
following procedure. About 8 ml of the mated culture is 
homogenized for about 20 seconds at 75% maximum 
speed with a Brinkmann" homogenizer in a 15 ml poly 
carbonate tube. About O.1 ml of the homogenate is 
transferred into a previously tared 16X 125 mm screw 
cap test tube containing about 10 4-mm glass beads. The 
weight of the homogenate is recorded to at least three 
signi?cant ?gures and typically is about 0.100 grams 
10.05 grams. The homogenate is vortexed for about 5 
minutes on a multi-tube vortexer set at about 90% maxi 
mum speed. About four m1 of ethanol are added and 
vortexing is continued for an additional 20 seconds. 
About four ml of hexane containing 1 mg/ml butylated 
hydroxytoluene (hexane/BHT) is then added and the 
sample vortexed for an additional 5 minutes. About one 
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ml of water is then added, followed by mild hand mix 
ing. The tube is then centrifuged at 2,000 rpm for about 
2 minutes in order to separate the beta-carotene-con 
taining hexane phase. A sample of the hexane phase is 
diluted with hexane, typically at a dilution factor of 
about lOO-fold. The absorbance of the sample at about 
450 nm is then determined, and the beta-carotene con 
centration calculated. The extinction coef?cient for 
beta-carotene is determined experimentally by dis 
solving a known weight of pure carotenoid in hexane, 
and measuring the absorbance at about 450 nm. Under 
these conditions, the extinction coef?cient is about 
2620. Typically, beta-carotene production values are 
con?rmed by reverse phase high performance liquid 
chromatography (HPLC) analysis. 
A comparison of the amount of beta-carotene pro 

duced using different mating ratios is depicted in Table 
3. Table 4 shows the results of a similar experiment in 
which the negative microorganism B. trispora ATCC 
No. 74146 (PF17-12) was used in place of B. trispora 
ATCC No. 74147 (PFl7-l3). Both sets of tabulated data 
indicate that negative : positive mating ratios of about 
40:1 lead to at least as much, if not more, beta-carotene 
production as do mating ratios of about 4:1. 

TABLE 3 

In?uence of Mating Ratios on Beta-Carotene Production 
for Mated Cultures Formed from PF17~13 and PF17-10 

Mating Ratio Beta-Carotene 
PFI7-l3zPFl7-l0 Titer (g/l) 

4:1 2.7 
10:1 3.7 
20:1 4.1 
40:1 4.6 

TABLE 4 

In?uence of Mating Ratios on Beta-Carotene Production 
for Mated Cultures Formed from PF17-12 and PF17-10 

Mating Ratio Beta-Carotene 
PF17-12:PF17-10 Titer (g/l) 

4:l 3.8 
10:1 3.7 
20:1 4.0 
40:1 4.0 

EXAMPLE 4 

This Example shows that even at mating ratios as 
high as 200 negative microorganisms per positive mi 
croorganism, beta-carotene production remains high. B. 
trispora ATCC No. 74147 (PF 17-13) (denoted “—”) and 
B. zrispora ATCC No. 74145 (PF17-10) (denoted “+”) 
were grown and mated as described in Example 3, ex 
cept that the following mating ratios were used: about 
40, 80, and negative microorganisms per positive micro 
organism. Production fermentations and determination 
of beta-carotene concentrations were also conducted as 
in Example 3, except that three shake ?ask fermenta 
tions were conducted for each mating ratio. As shown 
in Table 5, beta-carotene production was very similar 
for all three mating ratios. 

TABLE 5 
In?uence of Mating Ratios on Beta-Carotene Production 

Mating Beta-Carotene Average 
Ratio (—/+) Titer (8/1) Titer (g/l) 

40:1 4.8 5.4 i 0.6 
5.9 
5.6 
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TABLE 5-continued 

In?uence of Mating Ratios on Beta-Carotene Production 

Mating Beta-Carotene Average 
Ratio (-/+) Titer (g/I) Titer (g/l) 

80:1 5.0 5.4 i 0.4 
5.5 
5.7 
5.6 
6.1 
5.1 

200:1 5.6 i 0.5 

EXAMPLE 5 

This Example compares the effects of kerosene and 
isoniazid on beta-carotene production 

Negative microorganism B. trz'spora ATCC No. 74147 
(PFl7-13) and positive microorganism B. trispora 
ATCC No. 74145 

(PF17-10) were cultured separately in VMl7-3 me 
dium to promote vegetative growth of the microorgan 
isms as described in Example 3. Four shake ?ask experi 
ments (A through D) were set up to compare the ability 
of kerosene and isoniazid to stimulate beta-carotene 
production. For each ?ask, negative and positive micro 
organisms were added to about 30 m1 of production 
fermentation medium in a negativezpositive mating ratio 
of about 40:1 as described in Example 3. The production 
fermentation media was FM17 (F Ml7-A without isoni 
azid). About 48 to 54 hours after culturing was initiated 
in FM17 medium, beta-ionone (0.1%) and ethoxyquin 
(0.025%) were added to each of the ?asks. 
The following additions were also made to each ?ask: 

Isoniazid (0.075%) was added to Flask A at the begin 
ning of the production fermentation phase. Kerosene 
(4%) was added to Flask B at about 24 hours after the 
initiation of the production phase. Kerosene (4%) was 
added to Flask C at about 51 hours after the initiation of 
the production phase. Both isoniazid (0.075%) and ker 
osene (4%) were added to Flask D, isoniazid addition 
being at the initiation of the production phase, and kero 
sene addition being at about 51 hours after the initiation 
of the production phase. Except for these variations, the 
production fermentations were carried out as described 
in Example 3, and the results are shown in Table 6. 

TABLE 6 
Use of Kerosene to Promote Beta-Carotene Production 

Beta-Carotene 
Expt. Production Medium Titer (g/l) 

A FM17 + 0.075% isoniazid at 0 hr 4.45 
B FM17 + 4% kerosene at 24 hr 4.10 
C FM17 + 4% kerosene at 51 hr 4.70 
D FM17 + 0.075% isoniazid at 0 hr 4.20 

+ 4% kerosene at 51 hr 

A second set of experiments 'was conducted to com 
pare different amounts of kerosene. Otherwise, the fer 
mentations were conducted as described above. The 
results are shown in Table 7. 

TABLE 7 

Effect of Different Concentrations of Kerosene 

Beta-Carotene 
Expt. Production Medium Titer (g/l) 

E FM17 + 4% kerosene at 51 hr 4.90 
F FM17 + 2% kerosene at 51 hr 5.80 
G FM17 + 1% kerosene at 51 hr 5.00 
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These results show that kerosene stimulates similar if 
not better beta-carotene titers compared to isoniazid. 
While various embodiments of the present invention 

have been described in detail, it is apparent that modi? 
cations and adaptations of those embodiments will 
occur to those skilled in the art. It is expressly under 
stood, however, that such modi?cations and adapta 
tions are within the scope of the present invention, as set 
forth in the following claims: 
What is claimed is: 
1. A positive Blakeslea trispora microorganism having 

all of the identifying characteristics of Blakeslea rrispora 
ATCC No. 74145 (PF17-10), or mutants of the microor 
ganism which, when mated in an effective mating ratio 
to a negative Blakeslea trispora microorganism, forms a 
mated culture capable of producing ‘at least about 3.5 
grams of beta-carotene per liter in about 7 days. 

2. The positive microorganism of claim 1, wherein 
the negative Blakeslea trispora microorganism has all of 
the identifying characteristics of deposited strain 
ATCC No. 74146 (PFl7-l2) or deposited strain ATCC 
No. 74147 (PF17-13). 

3. The positive microorganism of claim 2, wherein 
the negative Blakeslea lrispora microorganism is depos 
ited strain ATCC No. 74146 (PF17-12). 

4. The positive microorganism of claim 2, wherein 
the negative Blakeslea trispora microorganism is depos 
ited strain ATCC No. 74147 (PF17-13). 

5. A mated Blakeslea trispora culture capable of pro 
ducing at least about 3.5 grams of beta carotene per liter 
of production fermentation medium in about 7 days, 
wherein the mated culture comprises an effective mat 
ing ratio of a negative Blakeslea trispora microorganism 
having all of the identifying characteristics of deposited 
strains ATCC No. 74146 (PF 17-12) or ATCC No. 
74147 (PF17-l3) and a positive Blakeslea trispora micro~ 
organism having all of the identifying characteristics of 
deposited strain ATCC No. 74145 (PF17-l0). 

6. The mated culture of claim 5 wherein the negative 
Blakeslea trispora microorganism is deposited strain 
ATCC No. 74146 (PF17-12). 

7. The mated culture of claim 5 wherein the negative 
Blakeslea trispora microorganism is deposited strain 
ATCC No. 74147 (PFl7-13). 

8. The mated culture of claim 5 wherein the positive 
Blakeslea trispora microorganism is deposited strain 
ATCC No. 74145 (PFl7-10). 

9. The mated culture of claim 5 capable of producing 
at least about 4 grams of beta-carotene per liter of me 
dium in about 7 days. 

10. The mated culture of claim 5 capable of produc 
ing at least about 7 grams of beta-carotene per liter of 
medium in about 7 days. 

11. The mated culture of claim 5 capable of produc 
ing at least about 65 mg of beta-carotene per gram dry 
cell weight. 

12. The mated culture of claim 5 capable of produc 
ing at least about 175 mg of beta-carotene per gram dry 
cell weight. 
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13. The mated culture of claim 5, wherein the mating 

ratio comprises at least about 10 negative microorgan 
isms per positive microorganism. 

14. The mated culture of claim 5, wherein the mating 
ratio comprises at least about 40 negative microorgan' 
isms per positive microorganism. 

15. The mated culture of claim 5, wherein the mating 
ratio comprises from about 40 to about 200 negative 
microorganisms per positive microorganism. 

16..The mated culture of claim 5 which is formed by 
a method comprising: 

(a) culturing the negative Blakeslea trispora microor 
ganism and the positive Blakeslea trispora microor 
ganism, separately in vegetative fermentation 
media effective to promote growth of the microor 
ganisms; and 

(b) mixing together an effective mating ratio of the 
negative Blakeslea trispora microorganisms and the 
positive Blakeslea trispora microorganisms. 

17. A method for producing beta-carotene compris 
ing culturing the mated Blakeslea trispora culture of 
claim 16. 

18. The method of claim 17, wherein the mating ratio 
comprises at least about 10 negative microorganisms 
per positive microorganism. 

19. The method of claim 17, wherein the mating ratio 
comprises at least about 40 negative microorganisms 
per positive microorganism. 

20. The method of claim 17, wherein the mating ratio 
comprises from about 40 to about 200 negative microor 
ganisms per positive microorganism. 

21. A beta-carotene-containing biomass produced by 
a method comprising: 

(a) culturing in an effective production fermentation 
medium a mated Blakeslea trz'spora culture capable 
of producing at least about 3.5 grams of beta caro 
tene per liter of production fermentation medium 
in about 7 days, wherein the mated culture com 
prises an effective mating ratio of a negative Bla 
keslea trz'spora microorganism having all of the 
identifying characteristics of deposited strains 
ATCC No. 74146 (PF17-12) or ATCC No. 74147 
(PFl7-l3) and a positive Blakeslea trispora micro 
organism having all of the identifying characteris 
tics of deposited strain ATCC No. 74145 (PF17 
10); and 

(b) separating the mated culture from the medium to 
form a beta-carotene-containing biomass. 

22. The biomass of claim 21 wherein the negative 
Blakeslea trispora microorganism is deposited strain 
ATCC No. (PF17-12). 

23. The biomass of claim 21 wherein the negative 
Blakeslea trz'spora microorganism is deposited strain 
ATCC No. (PF17-13). 

24. The biomass of claim 21 wherein the positive 
Blakeslea trz'spora microorganism is deposited strain 
ATCC No. (PF17-10). 

25. The biomass of claim 21 comprising at least about 
10% (Wt/wt) beta-carotene. 

* * * * =l< 


